Abstract: Timing of breeding varies among waterfowl species and individuals, with strong effects on reproductive success, and may be related to habitat quality. Here, we analyse the start, span, and end of the nesting season for nine upland-nesting duck species at 166 Canadian PrairieParkland sites over 34 years to better characterize nesting patterns and test whether and how species respond to May pond abundances. Nesting metrics were compared between single-site versus multi-site studies over seven years to evaluate effects of spatial scale and methodology.
, nest success (Emery et al. 2005) , and offspring survival (Sedinger and Raveling 1986; Lindholm et al. 1994; Dzus and Clark 1998; Krapu et al. 2000; Traylor and Alisauskas 2006; Gurney et al. 2012) . In ducks, such differences can have consequences for eventual offspring recruitment (Blums et al. 2002) , and life-time reproductive success of females (Blums and Clark 2004 ) which, in turn, influence population dynamics.
Differences in reproductive success and survival may be related to poorer body condition of late-breeding females that allocate less time to parental care (Sedinger and Raveling 1986; Paasivaara and Pöysä 2007), or to seasonal deterioration in wetland habitat quality (Elmberg et al. 2005) , as measured by pond abundance (Rotella and Ratti 1992; Dzus and Clark 1998; Guyn and Clark 1999; Krapu et al. 2000; Gendron and Clark 2002) . Duckling (Guyn and Clark 1999; Krapu et al. 2000) and brood (Rotella and Ratti 1992; Gendron and Clark 2002) survival rates are typically higher when pond abundance is high, which is often most evident in early-hatched birds.
Most descriptions of the timing of nesting for upland-nesting prairie ducks are either qualitative or uncommon for some species such as American wigeon (Anas americana (Gmelin, D r a f t 4 ducks, mallard (Drilling et al. 2002; Baldassarre 2014) and pintail (Clark et al. 2014 ; Baldassarre 2014) have been described as initiating nests in early to mid-April. Northern shoveler (A. clypeata (L., 1758); hereafter "shoveler") and blue-winged teal (A. discors (L., 1766)) start nesting in early May (Sowls 1955; Dubowy 1996; Rohwer et al. 2002) , with green-winged teal (Palmer 1976; Johnson 1995) , gadwall (Hines and Mitchell 1983; Leschack et al. 1997) , and wigeon in mid to late May (Wishart 1983; Mini et al. 2014) . Scaup initiate nests in late May (Stoudt 1971; Anteau et al. 2014) , and similarly, white-winged scoters (Melanitta fusca deglandi, (Bonaparte, 1850) ; herafter "scoter") initiate nests in late May to early June (Brown and Brown
1981; Baldassarre 2014).
Greater uncertainty surrounds the span of nesting, the time period when most nests are initiated. Greenwood et al. (1995) characterized the average length of the nest-initiation period as the interquartile range (25-75% dates) for five duck species nesting in prairie Canada, and concluded that mallard and pintail had the longest periods of 27 and 26 days, respectively;
shoveler, blue-winged teal, and gadwall had nest-initiation periods of 16, 15, and 13 days, respectively. Greenwood et al. (1995) questioned whether their results were fully representative because sites were selected in areas of high mallard densities and the three-year study was conducted during a dry period. Other studies have characterized the span of nesting for wigeon, green-winged teal, scaup, and scoter but a common set of descriptive metrics has not been used.
About 88% of green-winged teal nests were initiated over a 49 day period (Emery et al. 2005;  Baldassarre 2014), but nesting information about this species is limited (Guillemain and Elmberg 2014). In wigeon, 90% of nests were initiated over a 29 day period (Kruse and Bowen 1996; Mini et al. 2014 Furthermore, such information may provide useful benchmarks for future studies of comparative reproductive patterns or effects of environmental change on timing of breeding in ducks.
We quantified patterns in the timing and span of nesting for nine upland-nesting duck species in the Prairie Pothole Region of Canada. To our knowledge, this is the largest comparative study of temporal nesting patterns in a guild of upland-nesting ducks which, importantly, accounts for spatiotemporal variation in environmental conditions. We determined start, span, and end of nesting (see Methods for definitions) dates for each species. Then, we tested whether the span and end of nesting season were related to variation in habitat quality as indexed by local pond abundance (Greenwood et al. 1995) . We predicted that the span and end of nesting would be positively related to May pond counts due to greater reproductive investment (including re-nesting) in years with favourable habitat for rearing offspring (Rotella et al. 2003; Arnold et al. 2010) or higher incidence of late-nesting yearling females breeding in years of favourable pond conditions (e.g., Dufour and Clark 2002).
Materials and methods

Study Areas
Long-term single-site studies were conducted at St. Denis National Wildlife Area 
Locating Nests
At SDNWA (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) and the DUC sites (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) , we searched for nests during three to four intervals from early May to mid-July each year. Searches were usually conducted between 0700 to 1500 hr, each at three week intervals (Gloutney et al. 1993 ). Nests were found after flushing females from nests, either by pulling ropes or heavy cable-chains between two all-terrain vehicles in herbaceous cover, or by walking through and beating vegetation with willow switches or bamboo canes in shrub-woodland cover (Klett et al. 1986 ). On islands at Redberry Lake, 3 to 5 nest searches for scoters were done on foot assisted
by dogs (Canis domesticus (L., 1758)) between 0700 and 2200 hr from early June to midAugust, 2000-2014 (Traylor et al. 2004) . At each nest (bowl with ≥1 egg), duck species (scoter only at Redberry Lake) was recorded. Clutch size, estimated incubation stage (Weller 1956) , and the date that each individual nest was found were recorded. Nest initiation dates were determined by assuming one egg was laid per day (except scoter, one egg every 1.5 days) and we made no adjustments for possible loss of eggs prior to discovery, assuming that it occurred infrequently and was applicable to all species. After each visit, nests were covered with nesting material to mimic normal female departures (Götmark 1992) . All field protocols were reviewed and approved by the University of Saskatchewan's Animal Care Committee on behalf of the Canadian Council on Animal Care.
Analyses
Analyses were based on species, site and year-specific values of start (date when first 10% of nests had been initiated), span (range between dates [days] when 10 and 90% of nests had been initiated) and end (date when 90% of nests had been initiated) of nesting. In the analysis that incorporated all site-years from all studies, we used general linear mixed effects models to first characterize the start, span, and end of nesting for each species controlling for random effects of site-year. We also computed 5%, median (50%), and 95% dates as well as the interquartile range (IQR; 25-75%). To compare between studies over the same time period (1994) (1995) (1996) (1997) (1998) (1999) (2000) , we analyzed data separately from SDNWA only and from multiple-sites (i.e., DUC sites), using general linear mixed effects models to estimate start, span, and end of nesting by species while accounting for random effects of year and site-year, respectively. This analysis enabled us to assess how conclusions about species-specific temporal patterns of nesting might differ in relation to spatial scale and nest-searching methods. Least-squares mean parameter D r a f t 8 estimates and standard errors were calculated for each nesting metric by species. Post-hoc multiple comparison Tukey contrasts were conducted among species for each nesting metric in the overall analysis to test for species-specific differences. Species and year or site-year combinations with less than five nests and visually extreme outliers (n = 6, site-years = 1) were excluded from all analyses, except in the case of Redberry Lake where one year with four nests was included.
We used general linear mixed effects models to test whether annual counts of May ponds and geographical location (latitude and longitude) influenced the start, span, and end of nesting. nesting metrics for individual species). As expected, pintail and mallard were the earliest nesters overall, followed by shoveler, green-winged teal, and blue-winged teal (Fig. 1) . Wigeon and gadwall nested slightly later than shovelers and both teal species, and scaup and scoter nested the latest. Tukey tests indicated that most species differed (p < 0.05) in start of nesting; there were no differences in any of the three nesting metrics between scaup and scoter or between bluewinged teal and green-winged teal. Span of nesting was similar for (i) pintail and mallard, for (ii)
shoveler, blue-winged teal, and green-winged teal, and for (iii) wigeon, gadwall, scaup and scoter ( Fig. 1, Panel 1) . End of nesting was distinctly early for pintail when compared with mallard, shoveler, green-winged teal, and wigeon which all ended at similar times. Blue-winged teal, wigeon and green-winged teal ended nesting at similar times. Gadwall ended nesting later than all other dabbling ducks, followed by scaup and scoter which were most similar to each other ( Fig. 1, Panel 2 ).
The same general patterns among species were evident in analyses that directly compared single-site versus multi-site data, 1994-2000 (sample sizes and estimates are shown in Appendix A). Start of nesting was slightly later and span of nesting slightly longer for each species in the single-site results, but 95% confidence intervals of estimates for individual species overlapped between the two analyses ( Fig. 2) . At SDNWA, differences among species estimates were less pronounced due to smaller sample sizes and corresponding overlaps in 95% confidence intervals.
Timing metrics among species were more distinct in the DUC multi-site data, except for bluewinged teal and shoveler which exhibited greater overlap.
D r a f t
Overall, higher abundance of ponds appeared to extend the nesting season. Results indicated that species-specific responses in both span and end of nesting were related to May pond counts (start of nesting was not related to May ponds or locations, all p > 0.44), and end of nesting was also related to geographical location (Table 2) . Wigeon, blue-winged teal, gadwall, and shoveler exhibited positive responses in span of nesting to pond counts. Wigeon, gadwall, scaup, mallard, and shoveler showed positive responses in the end of nesting to pond counts. End of nesting also appears to be later at study sites located to the north and to the east (Table 3 ).
Discussion
Our results demonstrated strong species-specific differences in start of nesting: mallard and pintail initiated nests earliest, followed by shoveler, the two teal species, wigeon, gadwall and, finally, scaup and scoter. Our results are generally consistent with those of Greenwood et al.
(1995) who considered median date as a metric for timing of nesting and reported that pintail and mallard were earliest, followed by shoveler and blue-winged teal, and then gadwall. Median nesting date may be influenced by nest success rates (Greenwood et al. 1995) , so metrics like 10% or possibly 25% nest dates may be more useful indicators of the start of nesting for investigating relationships with spring climate or pond conditions. Despite differences in studyspecific habitat conditions, interspecific patterns in start of nesting for each species were quite well conserved over time and across sites as shown by the direct comparison of SDNWA and DUC sites, 1994-2000. Both analyses produced comparable estimates of start date for individual species even though the DUC multi-site analyses considered nesting records from many locales, each with unique habitats. However, for each species, the multi-site estimates for start of nesting were slightly earlier than the single-site estimates which may result from latitudinal variation in duck densities and timing of nesting (Saether et al. 2008) , or other factors discussed below.
D r a f t
Predictably, span of nesting by each species followed a pattern similar to that of the start of nesting between species. Mallard and pintail had the longest nesting spans, followed by shoveler and both teal species, wigeon, gadwall, and finally scaup and scoter with the shortest spans. The patterns we found between species were also consistent with those of Greenwood et al. (1995) , and our estimates of IQR were similar. It makes intuitive sense for a species that nests earlier in the season to have more time for re-nesting following losses of clutches or early-season broods. Pintails and mallards had a similar span of nesting, implying that female pintails may have greater re-nesting potential than has generally been assumed or some female pintails have a long period of restraint (or constraint) before egg-laying. At the single-site level, span of nesting tended to be longer for each individual species. Differences among studies in start, span, and end of nesting may result from specific habitat conditions at particular sites or differences in methodology such as at SDNWA where nest searches often continued later into the season than at the DUC sites. Likewise, in DUC's Assessment Study, timing of breeding by radio-marked mallards extended on average two days later than did mallard nests discovered by conventional nest searching methods (JHD and DWH, unpubl.) . However, we suspect that the small differences between studies in start and span of nesting for individual species reflect duck responses to local environmental conditions rather than nest-searching methods because disparities between these estimates were not more pronounced for late-versus early-nesting species (Appendix A).
Variation in the end of nesting among pintail, shoveler, mallard, blue-winged teal, and gadwall was similar to the findings of Krapu (2000), however Tukey contrasts suggested pintail ended nesting distinctly early and gadwall distinctly late, followed by scaup and scoter when comparing amongst all species we considered. Krapu (2000) emphasized that shoveler ended D r a f t nesting as early as pintail due to environmental limitations imposed on shovelers by their specialized diet of Cladocera. However, we found no differences in end of nesting estimates of shoveler compared to those of mallard, wigeon, and green-winged teal. Our results also indicated that shoveler did not delay nor curtail nesting relative to other species like green-winged teal, as suggested by Dubowy (1985) . Female shovelers were among the first to initiate nests, and span and end of nesting were unexceptional relative to other dabbling ducks (Fig. 1) . Shoveler, wigeon, and gadwall responded to May pond counts by nesting later and extending the span of nesting suggesting that span for these species was more a function of protracted nesting in years with more ponds. Blue-winged teal only responded to higher pond counts by extending the span of nesting whereas mallard and scaup responded by nesting later (Table 3) . Relationships between pond counts and end and span of nesting may be weakened due to higher nest and brood survival rates in wetter years, thereby reducing the renesting rate (Drever et al. 2007; Howerter et al. 2014) .
The difference between the earliest and latest species in mean start of nesting was 44 days (Table 1 , Fig. 1 ; 38 days if scoter is excluded) whereas the difference in mean end of nesting was 19 days (16 days without scoter). Among dabbling ducks only, these differences were 32 days and 11 days, respectively, suggesting that seasonally deteriorating environmental conditions and declining offspring recruitment may constrain late breeding dates in these species (Blums et al. 2002) . The lateness of nesting by both scaup and scoter may impinge on nutritional and energetic needs of ducklings that must develop sufficiently in order to fledge before autumn migration. Scoters in particular are large-bodied ducks and so ducklings require absolutely greater resources per capita than smaller species. Perhaps these two duck species optimize timing of breeding to exploit higher biomass and abundance of key prey species (Brown and Fredickson D r a f t 13 1986) such as amphipod crustaceans (Dawson and Clark 1996) in late summer, offsetting potential costs associated with their proclivities to nest the latest.
Differences in the span of nesting may have been more a result of local environmental conditions than was start of nesting which was unrelated to May pond counts. In general, both span and end of nesting were positively related to May pond conditions, consistent with previous work (Krapu et al. 1983; Greenwood et al. 1995) . Presumably, increased pond abundance could favour breeding by younger females or more re-nesting attempts (Rotella et al. 2003; Arnold et al. 2010) , extending the length of nesting by local populations in some species more than others.
For instance, early-nesting species may already have such long spans that May pond conditions have limited influence on re-nesting potential. Intermediate nesters may be opportunistic and able to take advantage of good pond conditions by actively re-nesting whereas late species typically nest so late in the season that they cannot alter their span of nesting in any way because females are already under strong time constraints to complete wing moult before normal dates for autumn migration.
Defining the timing and variability of nesting as well as obtaining new knowledge about factors that affect the length of the nesting season for each species are necessary steps for predicting whether and how breeding date may be influenced by future environmental changes.
To determine the manner of species-specific responses to possible changes in prairie climate (i.e.
early breeding species may be more flexible than late breeders; Drever et al. 2012) , an important prerequisite is the empirical definition of nesting schedules. We quantitatively defined metrics for timing of nesting for nine upland-nesting species in the PPR of Canada which will be useful for future comparative studies. Therefore, we encourage a more complete and consistent description of nesting metrics ( 
